Two experiments on African violet (Saintpaulia ionantha) culture were conducted in the ornamental plant grower's property. The physical characteristics suitable for the cultivation of this plant were evaluated and it was observed that the substrate presenting 0.75g.cm -3 density showed the best results for the evaluated parameters. African violet developed well in the following conditions: 75.10% total porosity, 19.53% air space, 26.03% available water and 23.71% easily available water. Different mixtures of materials, which had physical characteristics suitable for the culture, were analyzed in a second experiment and conventional peat : eucalyptus bark : sand, earthworm humus : vermiculite + sand, pine bark : earthworm humus, cultivated peat : vermiculite, other commercial substrates ("Eucatex", made from peat, and "Vida Verde -substrate for African violet"), showed to be adequate for African violet cultivation.
INTRODUCTION
In the highly commercial, competitive and international floriculture activity, growers have noticed the importance of improving product quality if they are to keep themselves competitive. In recent years, there has been great changes concerning flowers and ornamental plant production techniques. Moreover, soil cultivation procedures have been switched to container cultivation (Gabriels, 1995) . African violet is a potted plant widely cultivated in Brazil due to its beauty and colored flowers. It is a perennial species, from which thousands of commercial hybrids are obtained, and one of the most popular indoor plants. The hybrids commercialized in Brazil came from Japan and the United States (Tombolato et al., 1993) , presenting simple or doubled flowers, which can be white, pink, purple, blue or bicolor, bloom all over the year and last from 7 to 15 days (Bianchini and Pantano, 1974) .
Violets must be grown in porous substrates, rich in organic matter and presenting good drainage capacity (Bianchini and Pantano, 1974) . The substrate has the function of giving support to plants, favoring root growth and providing water and air in suitable quantities. The conditions pursued in good quality substrates are physical and chemical characteristics known and constant; low density (but firm and stable), adequate water-hold capacity, water storage capacity, good aeration and drainage, high cation-exchange capacity; constant physical and chemical characteristics when the substrate is submitted to sterilization or storage procedures, free from pests, diseases and weeds, odorless, non-saline, free from toxic substances, not much alkaline, not too acid. A substrate has to be uniform, easily handled, adequate for the cultivation of several species, available in large quantities and present a low cost. As it is hardly possible to find a material that meets all these demands by itself, mixtures of different materials are made (Unver, 1991; Kampf, 1993; Strigheta et al., 1997) .
Depending on the characteristics of the raw material employed in the mixtures, it is possible to prepare substrates containing the desired amount of air and water (Verdonck, 1983) . Several components have been tested as substrates, and the viability of materials that allow the use of automatized production systems were evaluated (Gabriels, 1995) . Günther (1983) points out that a strict control of components and commercial substrates must be evident. A new legislation to rule such commerce is been created in Brazil and, to establish a substrate quality control system, the necessary analyses must first be carried out. They also must follow a standard methodology, allowing the results to be analyzed and compared to standard specifications. A substrate physical characterization begins with the analysis of its 126 air/water relation and, as for soils, a water tension curve is determined. The tensions employed with substrates are lower than the ones employed for soils, as potted plants are grown under higher moisture conditions. Data are obtained from the water tension curve such as total porosity, air space, available water and easily available water are obtained (De Boodt and Verdonck, 1972; Verdonck, 1983) .The physical characteristics change during cultivation, due to the plant, structure degradation, particle structural reorganizations and mineralization processes (Burés et al., 1991) .
Several researchers throughout the world have pursued determining the ideal properties of a substrate. The present work aimed to evaluate the specific needs of African violet in relation to the substrate physical characteristics and elaborate substrates suitable for this culture.
MATERIAL AND METHODS
The african violet culture study was divided into three different phases. In the first phase, an experiment was conducted in greenhouse, where the adequate physical characteristics to the cultivation of this plant were evaluated. In a second stage, different substrates were elaborated and their physical characteristics were determined. In a third phase, a new experiment was conducted, where, out of the substrates analyzed, 4 substrates that showed suitable physical characteristics were selected and compared to the substrate currently used by the grower.
First Phase -First Experiment
The experiment was carried out in the ornamental plant growers' property in Holambra, Sao Paulo, Brazil. Plants were conducted in a greenhouse covered by partially translucent white plastic, with irrigation and fertilization systems as well as systems for electrical conductivity and pH measurement. The experimental layout adopted was complete randomized design with five treatments, five replications and seven plants per plot. The treatments consisted of mixtures of carbonized rice hull and sand, which were washed and oven dried for 72 hours at 60 o C. The sand was previously passed through a number 10 sieve according to ABNT. Treatments differed among one another as to the proportion of their components, so as to obtain substrate densities of 0.15; 0.35; 0.55; 0.75 and 0.95 g.cm -3 . Five-week old "Inga" variety seedlings, presenting from 7 to 9 leaves, were planted in plastic trays. One seedling was placed in the middle of each pot, following the same procedure employed by the grower. The seedlings were potted into plastic pots size 11 (500cm 3 volume) previously filled with the substrates being tested. The first irrigation was carried out immediately after the planting procedure. Together with the irrigation water, 1.0 g of "Manzate" per litter was applied, using altogether 10.0 liters of solution. Pots were watered from 3.0 to 3.5 times per week from January to May. One week after setting up the experiment, a fertilization with the commercial product "Cristalon Phosphate" + micronutrients was conducted, being applied 10 liters of solution with 8.0g of the product per liter of water. Fertirrigation every other day was the system chosen as the regular fertilization method. A stock solution consisting of 250 g of magnesium sulphate, 500g of potassium nitrate, 1,500 g of calcium nitrate per 36 liters of water was prepared. For each 1,000 liters of irrigation water, 4 liters of stock solution were added, conferring an water electrical conductivity of 0.9mS/cm to it. On the 53 th day, offshoot and premature flower removal, as well as spacing-out of pots were carried out. Ten pots were lined up within each line of 1.63m length. After the offshoot removal, an application of "Casumin" was performed.
The experiment was conducted until the 95 th day, when plants reached commercialization stage. At the end of the experiment, the plant commercial parameters of quality and the substrate phytotechnical and physical characteristics were evaluated. The phytotechnical characteristics evaluated for the African violet culture were flowers number (FN), buds number (BN), number of flower stems (NFS), leaves number (LN), foliar area (FA), percentage of living plants (%LP), fresh top weight (FTW), dry top weight (DTW), fresh root weight (FRW), dry root weight (DRW) and roots volume (RV). The physical characteristic evaluated was total porosity, air space, available water and easily available water. The commercial quality of a plant is an important characteristic to be evaluated, once it indicates its retail price. Growers classify their plants according to "Holambra" cooperative's classification criteria into the following categories:
. "A1" Plants -the plant must be well distributed within the pot circumference, display its flowers in a bouquet-like manner, be pot centered and above leaves. Pots must present round aspect. Each pot must have a minimum of 10 flowers and 3 stems, with glossy and healthy leaves, with no spots or burns. A1 pots reach the best retail prices for presenting better quality plants.
. "A2" Plants -pots with smaller plants than A1s, having less than 8 flowers/pot, small, brightless and broken leaves. Figures varying from 4 to 5% of pots presenting yellowish plants damaged by water or excessive cold are acceptable. A2 pots contain lower quality plants.
. "B" Plants -pots with very small plants, wilted in the center of the pots, with 2 or 3 low quality and damaged flowers. B pots are classified by growers as "scrape" or "waste".
Second Phase -Laboratory Analyses
The second phase of this study consisted of two stages, the first one being the elaboration of different substrates and the second one the analysis of their physical characteristics. In the ESALQ experimental area, different substrates were elaborated, using carbonized rice hull, pine bark, earthworm humus, perlite, conventional and cultivated turf, vermiculite and eucalyptus bark as components. The substrates were composed of mixtures of two or three materials in different proportions. Different substrates were elaborated, and four of which showed suitable physical characteristics to the culture of african violet. The tension curve for each substrate was determined by following the method mentioned by De Boodt and Verdonck, (1972) . The analyses were carried out in the Soil Physical Analysis Laboratory. Data such as total porosity, air space, available water and easily available water were obtained from the water tension curve.
Third Phase -Second Experiment
The experiment was conducted in the same property in Holambra, under the same greenhouse conditions, with the management adopted was the one currently used by the grower. The experimental layout adopted was the completely randomized one, with six treatments, eight plants per plot and four replications. Data obtained from a first experiment, where the physical characteristics suitable for african violet cultivation were evaluated, were employed to define the treatments. From the results obtained as to the phytotechnical characteristics (Table 2 ), commercial quality (Table 1) and substrate physical analysis (Table  3) , mixtures of materials to attend the culture demands were established. Substrates presenting 73.10% to 77.10% total porosity, 17.53% to 21.53% air space, 24.03% to 28.03% available water and 21.71% to 25.71% easily available water were sought. Four substrates presenting suitable physical characteristics for African violet were obtained.
The treatments were composed of these four substrates formulated during the second phase, the "Eucatex" commercial substrate, indicated for the African violet cultivation and the control. The treatments were: cultivated peat + vermiculite (2:1), pine bark + earthworm humus (1:3), conventional peat + eucalyptus bark + sand (3:1:0,5), earthworm humus + vermiculite + sand (3:1:0,2), "Eucatex" commercial substrate which is made from peat and the control. As control, the "Vida Verde" a commercial substrate, special for African violet and currently used by the grower, was employed.
Five-week old "Kalisa" variety seedlings, presenting from 7 to 9 leaves, were planted in plastic trays. The management was identical to the one used in the first experiment. The first fertilization was carried out after transplantation. Together with the irrigation water, 1.0 g of "Manzate" was added per liter, totaling 10.0 liters of solution altogether. One week after transplantation, it was verified the need for a new application of "Manzate" due to soil fungi incidence inside the greenhouses. The plants were watered from 3.0 to 3.5 times a week during March and April, and twice a week during May and June. On the 58 st day, offshoot and premature flower removal were conducted, as well as the spacing-out of pots. After the offshoot removal, an application of "Casumin" was carried out. The experiment was conducted until the 109 st day, when plants reached commercialization stage. At the end of the experiment, plant commercial parameters of quality and phytotechnical characteristics were evaluated.
RESULTS AND DISCUSSION

First Experiment
When different substrate densities were evaluated for the African violet culture, it was noticeable that the 0.75g.cm -3 density was better than the others, giving the best results as to the evaluated parameters. Plants cultivated in this substrate density presented high quality, uniform visual aspect and great number of open flowers, centered in the pots.
As to the commercial quality of plants (Table 1) , the 0.75g.cm -3 density treatment yielded 94.8% of pots with A1 plants, that is, high quality plants, showing a minimum of 10 bouquet-like flowers, centered in the pot and located above the leaves. Pots presented a round aspect, with plants well distributed within the circumference of pots, glossy and healthy leaves, with no spots or burns. The 0.75g.cm -3 density treatment showed to be the best one among all the evaluated treatments, producing the best quality plants, yielding 5.2% of A2 plants and fetching the best commercialization prices.
As to the phytotechnical characteristics (Table 2) , it was observed that this treatment provided a great number of flowers and buds per pot. While in the growers' classification system, plants with more than 8 open flowers are considered to have commercial quality, the 0.75g.cm -3 density treatment yielded, in average, 23.62 flowers and 31.82 buds per pot. Flowers were bouquet-like, centered in the pot and located above the leaves. A figure of 93% of living plants was observed, which is within the acceptable limit, which is normally around 10% mortality during the cultivation process. A minimum of 3 flower stems is expected in a commercial production, however the treatment provided 6.86 flower stems per pot. Fewer leaves were produced (20.44) when compared to the other treatments, however the foliar area was greater (462.45 cm 2 ), showing that, despite the lower number of leaves, these ones were large. It was also possible to observe visually that leaves were healthy, with no spots or deformations, well distributed and above the leaves, giving a balanced and uniform conformation to the pots. The top part presented 63.64g fresh weight and 9.03g dry weight.
When the plant root systems produced were evaluated (Table 2) , it was observed that the 0.75g.cm -3 density treatment gave the best results. In average, the root system fresh weigh was 5.71g, the dry weight was 0.29g and the volume was 5.94ml. A better root system development allowed a greater absorption of water and nutrients and, consequently, a greater plant top part development. A good root system development is associated with the 0.75g.cm -3 density substrate having physical characteristics more appropriate to the African violet.
As to the physical characteristics (Table 3) , the substrate presented total porosity and air filled space in accordance with the consulted authors' recommendations (De Boodt and Verdonck, 1972; Goh and Haynes, 1977; Riviere, 1980; Boertje, 1983; Rac, 1985; Verdonck and Gabriels, 1988) , however the available water and the easily available water were below the levels indicated by the authors.
The total porosity was 75.10% (v/v), being in accordance with what Riviere (1980) , recommended for substrates, which is 75%, and near to what De Boodt and Verdonck (1972) , Goh and Haynes (1977) , Boertje (1983) , Rac (1985) ; Verdonck and Gabriels (1988) , recommended, which is 85% pore volume.
The substrate air filled space was 19.53%, being near Rac's (1985) recommendations, who points out that a substrate must have from 20% to 30% of its volume occupied by air. Gislerød (1982) comments that the ideal amount of air to promote the formation of roots in potted plants is approximately 20% and, in some cases, 45%. According to De Boodt and Verdonck (1972) and Bix (1973) , the ideal figure is around 10% to 20%. Ballester-Olmos (1992) mentions that, for the majority of species, the ideal figure varies from 10% to 30%. Good substrate aeration is one of the most important physical characteristics for the development of potted plants (Beardsell et al., 1979) . The root growth is limited by aeration deficiency (Singh and Sainju, 1998) .
The 19.79% available water and 17.41% easily available water are below the consulted authors' recommendations, who mention that at least 26% of the substrate volume must be occupied with water, and 20% of the volume occupied with water easily available to the plants.
The 0.35 g.cm -3 density treatment showed some good results. As to the plant commercial quality parameter (Table 1) , it was observed that 94.4% of pots were classified as A1 and 5.6% as A2, not being observed any great difference from the 0.75g.cm -3 density treatment. Regarding the phytotechnical characteristics (TABLE 2) , the 0.35g.cm -3 density treatment presented good results for number of flowers and buds, root system fresh and dry weight, as well as root system volume. The main problem concerning the use of this substrate was the great loss of plants (at the end of the experiment, there was only 80% of living plants left), raising production costs and increasing growers' losses.
The 0.95g.cm -3 density treatment showed intermediate results for some characteristics, such as number of buds, flower stems and leaves, living plants percentage and top fresh weight. The 0.15g.cm -3 and 0.55g.cm -3 density treatments presented inferior results as to the phytotechnical characteristics evaluated. Regarding the physical characteristics, they showed adequate porosity, high air space and low available water and easily available water.
At the end of this experiment, the following was observed: • the substrate presenting density of 0.75g.cm -3 was the most appropriate for the African violet culture.
• porosity and air space must be within the levels taken as ideal for substrates, with 75.10% total porosity and 19.53% air space.
• when characteristics associated with the substrate capacity to store and release water to plants were evaluated, it was noticed that African violet developed better in conditions of low available water (19.79%) and easily available water (17.41%), showing that the culture does not develop well in substrates presenting water excess. Such fact has always been verified by commercial growers, however it had never been quantified.
• porosity, air filled space and the substrate capacity to store and release water to plants are limiting factors for the culture growth.
• the good root system development is associated with the substrate ideal physical characteristics for the African violet culture, which, consequently, promotes a good plant top development and good water and nutrients absorption.
• recommendations associated with the substrate physical conditions cannot be generalized and applied to all species of plants, as each species has its own needs.
Second Experiment
When the performance of six different substrates for African violet cultivation were evaluated, it was observed that all analyzed substrates were suitable for this culture. According to Verdonck (1981) , the physical characteristics and the capacity to provide adequate amounts of water and air to plant roots and soil microorganisms determine the substrate quality. For optimum plant growth, a substrate must provide easily available water and air to plants. The substrates analyzed presented adequate physical characteristics to the African violet growth, showing from 73.10% to 77.10% total porosity, from 17.53% to 21.53% air space, from 24.03% to 28.03 available water and from 21.71% to 25.71% easily available water.
Concerning the plant commercial quality parameter (Table 4) it was not observed any great differences among treatments. Generally, an average of 76% of the evaluated pots presented high quality plants. This is probably due to a management problem that occurred when the grower applied "Manzate" twice immediately after the planting procedure in order to control a high incidence of soil fungi in the production greenhouses. The excessive application of this product caused plants to lengthen their vegetative periods and overproduce shoots, resulting in an unusual great number of leaves. However, these plants fetched good retail price, being the earthworm humus + vermiculite + sand substrate the one which presented the best results, yielding 80% of plants classified as A1 and 15% classified as A2. Conventional peat : eucalyptus bark : sand, pine bark : earthworm humus, cultivated peat : perlite : "Eucatex" substrate and control respectively presented 75.2%, 77.5%, 75.2%, 78.3% and 72.1% of A1 plants. All treatments fetched a good retail price.
Concerning the phytotechnical characteristics parameter (Table 5) , no significant statistical differences were observed. This is probably due to all the substrates presenting ideal physical characteristics for the culture development. All treatments showed characteristics better than those required for commercialization, having more than 8 bouquetlike open flowers, centered in the pots and positioned above the leaves. The living plant percentage was within an acceptable level.
Despite the absence of statistical differences, the pine bark : earthworm humus substrate yielded the greatest number of open flowers (17.2) and flower stems (7.8) per pot. 
